New high statistics Belle data on the γγ → π + π − reaction cross section measured in the range of pion-pair invariant masses √ s between 0.8 GeV and 1.5 GeV are analyzed to clarify the current situation around the σ(600), f0(980), and f2 (1270) resonances in γγ collisions. The present analysis shows that the direct coupling constants of the σ(600) and f0(980) resonances to γγ are small, and the σ(600) → γγ and f0(980) → γγ decays are four-quark transitions caused by the π + π − and K + K − loop mechanisms, respectively. The chiral shielding of the σ(600) resonance takes place in the reactions γγ → ππ as well as in ππ scattering. Some results of a simultaneous description of the γγ → π + π − and γγ → π 0 π 0 Belle data are also presented. In particular, the following tentative estimate of the f2(1270) → γγ decay width is obtained: Γ f 2 →γγ (m 2 f 2 ) ≈ 3.68 keV.
I. INTRODUCTION
Recently, the Belle Collaboration performed precise measurements of the γγ → π + π − reaction cross section for pion-pair invariant masses √ s ranging from 0.8 to 1.5 GeV [1, 2] . Owing to the huge statistics and good energy resolution, a clear signal from the f 0 (980) resonance was first discovered with the Belle detector. Evidences for the f 0 (980) production in γγ collisions obtained in a series of previous measurements [3] [4] [5] [6] [7] [8] were essentially less conclusive. The f 0 (980) signal observed in the Belle experiment turned out to be rather small. This feature is in good qualitative agreement with the prediction of the four-quark model [9] . A detailed analysis of the preliminary Belle data [1] in the f 0 (980) region was performed in Ref. [10] . In particular, it was found [10] that the magnitude and shape of the f 0 (980) peak observed in the γγ → π + π − reaction cross section excellently agree with the K + K − loop mechanism of the f 0 (980) production, γγ → K
This result is one of many in favor of the four-quark nature of the f 0 (980) state [11, 12] .
In this paper we clarify the current situation around the σ(600), f 0 (980), and f 2 (1270) resonances in the reactions γγ → ππ by analyzing the final Belle data [2] on the γγ → π + π − cross section in the region 0.8 ≤ √ s ≤ 1.5 GeV, together with the Crystal Ball data [3, 7] on the reaction γγ → π 0 π 0 for 2m π < √ s < 1.6 GeV. As the first step, in Sec. II, the pure Born cross sections and those involving the S wave Born contributions modified by strong final-state interactions are compared with the available data on the reactions γγ → ππ [2-4, 6, 7] . Such a comparison is very useful because it enables us to gain some idea of the scope and shape of other possible contributions to the cross sections. The scheme taking into account the S wave final-state interactions between pions and kaons, in which the σ(600) and f 0 (980) resonances take part, is presented in Sec. III. In this scheme we essentially use the results of the simultaneous analysis of the data on the φ → π 0 π 0 γ decay, ππ scattering, and reaction ππ → KK [13] , as well as the results of the previous analyses of the γγ → ππ reaction mechanisms [10, 14] . In Secs. IV and V, tentative values of the direct coupling constants of the σ(600) and f 0 (980) resonances to γγ are determined from the Belle and Crystal Ball data. It is important that these constants turn out to be small, and consequently, the σ(600) → γγ and f 0 (980) → γγ decays are, in fact, the four-quark transitions caused by the π + π − and K + K − loop mechanisms, respectively. The chiral shielding of the σ(600) resonance takes place in the reactions γγ → ππ [14] as well as in ππ scattering [11] [12] [13] 15] . In addition, in Sec. V, we make some comments on the difficulties of interpreting the experimental measurements for γγ → π 0 π 0 production in the f 2 (1270) resonance region. Here we also point to a possible way out and announce some preliminary results of a simultaneous description of the γγ → π + π − data and the latest, very high statistics Belle data on the γγ → π 0 π 0 reaction cross section. The estimates for the f 2 (1270) → γγ decay width are also given. Conclusions are shortly formulated in Sec. VI.
II. DATA ON γγ → ππ AND THE BORN CONTRIBUTIONS
The Mark II [4] , CELLO [6] , and Belle [2, 16] data on the cross section for the reaction γγ → π + π − are shown in Fig. 1(a) . All the data correspond to a limited angular range of the registration of the charged pions, such that | cos θ| ≤ 0.6, where θ is the polar angle of the produced π ± meson in the center-of-mass system of two initial photons. The Belle data are represented with statistical errors only, the relative values of which are approximately equal to 0.5 %-1.5 %. The √ s bin size in the Belle experiment has been chosen to be 5 MeV, with the mass resolution of about 2 MeV. Figure 1 (a) also represents the comparison between the data and theoretical curves corresponding to the pure Born cross sections for the process γγ → π + π − for | cos θ| ≤ 0.6: the total integrated cross section σ Born and the integrated cross sections σ Born λ , where λ = 0 or 2 is the absolute value of the photon helicity difference. According the Low theorem, the Born contributions give the exact physical amplitude of the crossing reaction γπ ± → γπ ± near its threshold. If strong interactions of pions near the ππ threshold are not too large (this is the case owing to chiral symmetry), then the Born contributions have to dominate near the threshold of the reaction γγ → π + π − as well. As is seen from Fig. 1(a) , this expectation does not contradict the data existing in the threshold region, though their errors are very large as yet. Moreover, the Born amplitudes can be used as a quite reasonable approximation of the primary background (nonresonance) contributions in the reaction γγ → π + π − up to the f 2 (1270) resonance region, as well as a reasonable foundation for constructing the amplitudes involving the strong final-state interactions; see, for example, [10, 14, [17] [18] [19] [20] [21] is determined essentially by the D wave contribution with λ = 2, the differential cross section dσ
Born /d| cos θ| in the region | cos θ| ≤ 0.6 changes very weakly (see Fig. 1 (b)), and it becomes more and more flat in this region of | cos θ| as √ s increases. Therefore, in analyzing the data corresponding to this angular range, one should be very careful to make a definite conclusion about the partial wave structure of the smooth background. In other words, the above example hints that the assumption of the S wave dominance [16] may be completely unjustified in reality.
Figure 1(c) shows only the Belle data in the region √ s > 0.85 to illustrate clearly the discovered signal from the f 0 (980) resonance. The visible height of the f 0 (980) peak is of about 15 nb over the overall smooth background of the order of 100 nb, and its visible (effective) width is of about 30 − 35 MeV. It is natural to consider that the large background under the f 0 (980) resonance is mainly caused by the contributions from the Born amplitude with λ = 2 and the f 2 (1270) resonance production amplitude also with λ = 2. . Here σ 0 is the γγ → π + π − cross section with λ = 0 in which the contributions of the S wave Born amplitude are modified by the strong final-state interactions. All the higher partial waves, D, G, etc., in σ 0 are taken in the Born approximation [10] . The above modification leads to a signal from the f 0 (980) resonance in σ 0 whose magnitude and shape are in surprising agreement with the Belle data; see Fig. 1(c) . An explicit form for σ 0 will be given below. The comparison of the curves in Figs. 1(c) and 1(a) shows that the S wave contribution to σ(γγ → π + π − ; | cos θ| ≤ 0.6) is small for √ s > 0.5 in any case. Certainly, the f 2 (1270) resonance contribution is an important component needed for the description of the Belle data in the whole region of √ s from 0.8 to 1.5 GeV. The incorporation of final-state interactions in the S wave Born amplitude γγ → π + π − leads to a striking prediction for the S wave amplitude γγ → π 0 π 0 [10] . Figure 1 (d) demonstrates the comparison of the S wave partial cross section for the reaction γγ → π 0 π 0 , σ S , calculated in the way outlined above, with the Crystal Ball data [4, 7] . Since σ S does not contain any fitting parameter, the agreement with experiment in the region 2m π ≤ √ s ≤ 0.8 GeV is quite reasonable. Note that, in the Crystal Ball experiments [4, 7] , the γγ → π 0 π 0 cross section was scanned with a 50-MeV-wide step, and therefore the narrow f 0 (980) structure could not be resolved. It is also clear that in the reaction γγ → π 0 π 0 , as well as in γγ → π + π − , the f 2 (1270) resonance manifestation domain begins for √ s > 0.8 GeV. The latest, high statistics Belle data on the γγ → π 0 π 0 reaction cross section in the region 0.73 < √ s < 1.5 GeV are presented and discussed below in Sec. V.
III. S WAVE FINAL-STATE INTERACTIONS
In the field theory approach, one has the following S wave γγ → ππ amplitudes, satisfying the unitarity condition and involving the electromagnetic Born contributions "dressed" (modified) by strong final-state interactions [10, 14, 17, 22] , The data from Mark II [3] , CELLO [6] , and Belle [2, 16] on the cross section for γγ → π + π − , and from Crystal Ball [4, 7] on the cross section for γγ → π 0 π 0 . The theoretical curves correspond to the pure Born cross sections, as well as the Born cross sections modified for strong final-state interactions in the S wave. See the text for details.
where M Born S (s) is the S wave Born amplitude of the process γγ → π
0 (s) and δ 2 0 (s) are the phase shifts of the S wave ππ scattering amplitudes with isospin I = 0 and 2, respectively (see below for details), and α = 1/137. The second equalities in Eqs. (1) and (2) are valid just in the elastic region, practically for 2m π ≤ √ s ≤ 2m K , and clearly demonstrate the fulfillment of the Watson theorem for the S wave γγ → ππ amplitudes with definite isospin. The function I K + K − (s) is given by
are the S wave amplitudes of hadronic reactions indicated in their subscripts. Equations (1) and (2) assume that the amplitudes T π + π − →ππ (s) and T K + K − →ππ (s) lie on the mass shell in the rescattering loops γγ → π
(or any other scalars). Thus, the amplitudes in Eqs. (1) and (2) represent the S wave γγ → π + π − and γγ → K + K − Born contributions modified by the strong elastic and inelastic final-state interactions.
The helicity-0 cross section integrated over the range | cos θ| ≤ Z 0 < 1 and involving the amplitude M S (γγ → π + π − ; s) and the pure Born higher partial wave amplitudes can be written in the form
where 
Similarly, the S wave cross section for the reaction γγ → π 0 π 0 is given by
see Eq. (2). The cross section σ S shown in Fig. 1 
need to be known. They are related to the S wave ππ scattering amplitude T I 0 (s), the phase shift δ I 0 (s), and inelasticity η I 0 (s) with definite isospin I = 0, 2 in the conventional way:
Dots in η 0 0 (s) denote the contributions from other inelastic channels [10, 13] . Note that the plus sign is realized here according to Ref. [13] . We also set η 2 0 (s) = 1 for all s of interest.
A parametrization of the amplitudes T 0 0 (s) and T K + K − →π + π − (s) has been thoroughly described in Ref. [13] . It has been used for the simultaneous analysis of the data on the π 0 π 0 mass distribution in the φ → π 0 π 0 γ decay, ππ scattering in the region 2m π ≤ √ s < 1.6 GeV, and the reaction ππ → KK [13] . The key idea of this parametrization is that the amplitude T 0 0 (s) incorporates the contributions from the mixed σ(600) and f 0 (980) resonances and from the nonresonant background having a large negative phase which hides the σ(600) meson [11] [12] [13] . Originally, the presence of such a background in ππ scattering was established in the linear σ model [15] . It has been made clear that shielding of wide, lightest scalar mesons in chiral dynamics is very natural. As for γγ interactions, Eqs. (1) and (2) transfer the chiral shielding effect of the σ(600) from ππ scattering to the γγ → ππ reaction amplitudes [14] . The shielding of the σ meson takes place in the γγ → ππ amplitudes for the strong destructive interference between the resonance and background contributions as in the ππ → ππ amplitudes. This was first demonstrated in the frame of the SU L (2) × SU R (2) linear σ model in Ref. [14] . If such a shielding was absent, then the cross section σ S would reach approximately 100 nb just above the π 0 π 0 threshold, owing to the π + π − loop mechanism of the σ(600) → γγ decay [14] , instead of about 10 nb as in experiment [see Fig. 1(d)] .
We now return to the parametrization of the strong amplitudes. In terms of the mixed σ(600) and f 0 (980) resonances and the necessary background contributions, the explicit form of the amplitudes T 0 0 (s) and 
and
and the phase shift δ 0 0 (s) = δ ππ B (s) + δ res (s). We use for δ ππ B (s), for propagators of the σ(600) and f 0 (980) resonances 1/D σ (s) and 1/D f0 (s), and for the nondiagonal matrix element of the polarization operator Π f0σ (s), the expressions presented in Ref. [13] (see also Ref. [23] ). In the accepted normalization the relation between the coupling constant g σπ + π − and the corresponding partial decay width of the σ(600) is given by Γ σ→ππ (s) = [3g
Similar relations take place for the σ(600) decays into KK, ηη, ηη ′ , and η ′ η ′ , and for the f 0 (980) decays into ππ, KK, ηη, ηη ′ , and η ′ η ′ . Remember that the σ(600) couples mainly to ππ, ηη, ηη ′ , and η ′ η ′ , and the f 0 (980) to KK, ηη, ηη ′ , and η ′ η ′ [13] . The various fits corresponding to the different values of the parameters in the strong amplitudes have been considered in Ref. [13] . All of these fits give excellent descriptions of a large set of the data on the φ → π 0 π 0 γ decay, δ 0 0 (s), and η 0 0 (s). The curves for σ 0 and σ in Fig. 1(c) , and for σ S in Fig. 1(d) , calculated with the use of Eqs. (1), (2), (5) and (7), correspond to fit 1 from Table I presented in Ref. [13] ; see also Ref. [24] . For the phase shift δ 2 0 (s), we take the parametrization of Ref. [25] .
According Eqs. (1) and (2), the σ(600) → γγ and f 0 (980) → γγ decays are described by the π + π − and
. Consequently, they are the four-quark transitions [14] . Let us emphasize that there are no free parameters specific for the reactions γγ → ππ in Eqs. (1) and (2), and that the existing data are not indicative of the necessity of introducing such parameters. Nevertheless, in the next section we shall supplement Eqs. (1) and (2) with the terms involving unknown direct coupling constants of the σ(600) and f 0 (980) resonances to γγ, and we shall attempt to extract the values of these undoubtedly important physical characteristics from the data. Note that some evidence for smallness of these constants was obtained previously in Refs. [10, 14] within the more simple models for the amplitudes γγ → ππ. Later, a similar conclusion about the direct coupling of the σ(600) to γγ was also obtained in Ref. [26] .
IV. DIRECT COUPLINGS OF THE σ(600) AND f0(980) TO γγ
We now add to the right-hand side of Eq. (1) the amplitude M direct res (γγ → π + π − ; s) caused by the contribution from the mixed σ(600) and f 0 (980) resonances [13] with the direct coupling constants of the σ(600) and f 0 (980) to photons, g (0)
σγγ and g
To the right-hand side of Eq. (2), we also add the amplitude M direct res
+ π − data from a sufficiently wide region around the narrow f 0 (980) resonance in the fit is dictated by the following circumstance. The f 0 (980) peak is observed in the total cross section σ(γγ → π + π − ; | cos θ| ≤ 0.6) = σ 0 + σ 2 under the very large, noncoherent, smooth background caused by the contribution of the cross section with λ = 2, i.e., σ 2 = σ λ=2 (γγ → π + π − , | cos θ| ≤ 0.6). It is natural that the √ s dependence of this background in the f 0 (980) region can be fixed more or less reliably only with the use of the data outside this region. Certainly, σ 2 is dominated by the Born and f 2 (1270) resonance contributions. However, first we use a purely phenomenological approximation of σ 2 with a 4th order polynomial in √ s in the region 0.85 < √ s < 1.15 GeV. In addition, to obtain a correct fit to the Belle data having the finest step in √ s, we allow the f 0 (980) resonance mass, m f0 , to be a free parameter. We fix the values of the other parameters in the strong amplitudes in accordance with fit 1 from Ref. [13] .
Such a fit gives, in remarkable agreement with the prediction of Ref. [9] , the negligible values of the direct coupling constants g Fig. 1(d) .
Thus, the available data on γγ → ππ tell us that the direct couplings of the σ(600) and f 0 (980) to γγ seem to be very small and that the σ(600) → γγ and f 0 (980) → γγ decays are in fact the four-quark transitions, because they are totally dominated by the π + π − and K + K − loop mechanisms, respectively. To gain a complete understanding of the f 0 (980) production mechanism in our model, we present in Figs. 3(a) (5), (6) , and 15)] is depicted in Fig. 3(c) .
The crucial contribution from the γγ →
(1), (12) , and (14)], to σ 0 is shown by the solid curve in Fig. 3(a) . This contribution provides the natural scale of the resonance structure in σ 0 in the 1 GeV region. The other curves in the figure represent its constituents. The dashed (dot-dashed) curve corresponds to the contribution from the last (first) two terms in the numerator of Eq. (14) for T 
− transition amplitudes and from the Born and direct γγ resonance decay amplitudes are presented. The detailed description of the plotted curves is given in the text.
The dotted curve in Fig. 3(b) shows the contribution to σ 0 from A S (s) = 8αI π + π − (s)e (1), (5), (6), (8), (11), and (13)]. The dot-dashed curve in Fig. 3(b) corresponds to the contribution from A S (s) = 8αI π + π − (s)T π + π − →π + π − (s), i.e, from the full S wave γγ → π + π − → π + π − transition amplitude [see also Eqs. (1), (5), (6), (8), (11), and (13)]. As for the dashed curve in Fig. 3(b) , it is identical to the solid one in Fig. 3(a) and is shown for direct comparison of the γγ → K
Finally, the solid curve in Fig. 3(b) shows the total contribution to σ 0 from the γγ → K
A comparison of the dashed, dot-dashed, and solid curves in the figure gives a good idea of the important role of the interference between the background and resonance contributions.
The dashed curve in Fig. 3(c) shows the total contribution to σ 0 from the γγ → K + K − → π + π − and γγ → π + π − → π + π − rescattering amplitudes; i.e., it is identical to the solid curve in Fig. 3(b) . The dotted curve in Fig.  3 We finish this section with a general comment. As already emphasized in Ref. [14] , the complex residues of the σ pole in the ππ → ππ and γγ → ππ amplitudes, used to estimate the σ → γγ decay width [21] , do not give us an idea about the nature of the σ meson. Furthermore, as noted in Ref. [12] , the majority of current investigations of the mass spectra in scalar channels do not study particle production mechanisms. Because of this, such investigations are essentially preprocessing experiments, and the derivable information is very relative. For example, the very first estimate of the σ coupling to the photons via a two-pion intermediate state [30] was restricted to the case of the "bare" (without any background) σ meson, which contradicts the low energy chiral dynamics, and the recent estimates of the f 0 (980) → γγ decay width [2, 16] have not taken into account the rapidly changing K + K − loop production mechanism of the f 0 (980) [10] . Nevertheless, the progress in understanding the particle production mechanisms could essentially help us reveal the light scalar meson nature.
V. THE f2(1270) RESONANCE CONTRIBUTION
To estimate the f 2 (1270) → γγ decay width, Γ f2→γγ (m 2 f2 ), from the data on γγ → ππ, it is usually assumed that the f 2 (1270) decay occurs mostly into γγ states with λ = 2 [3, 4, 6, 16, 19] . For this, the specific models for the background amplitudes with λ = 2 and 0 are also needed [3, 4, 6, 16, 19] . The large background under the f 2 (1270) in the γγ → π + π − channel [see, for example, Fig. 1(c) ] is dominated by the Born amplitude with λ = 2. The background situation in the γγ → π 0 π 0 channel is more pure. Here, however, uncertainties in the data and bins of √ s are still rather large. Different assumptions about the background amplitudes in the f 2 (1270) region have been used in the literature [3, 4, 6, 16, 19] . In so doing, the central values of Γ f2→γγ (m 2 f2 ) obtained in the independent experiments lie in the range from 2.3 to 3.6 keV [3, 4, 6, 19, 31] .
According to the Particle Data Group (PDG) estimate [31] , Γ f2→γγ (m [16] , the authors of the Belle experiment presented "a consistency check" of their data in the f 2 (1270) region with this estimate. They fixed the values of the f 2 (1270) resonance parameters as given by the PDG [31] and, using a simple phenomenological parametrization of the background amplitudes, performed the fit to the data on σ(γγ →
, i.e., for 1.090 ≤ √ s ≤ 1.461 GeV. The resulting fit turned out to be very good, and they concluded that the "consistency check is satisfactory." Unfortunately, in Ref. [16] the factor 2/3 has been missed in the f 2 (1270) production amplitude in Eq. (10) . Thus, the consistency is broken. In fact, it follows from the Belle data [16] that Γ f2→γγ (m 2 f2 ) ≈ 3.9 keV, which is 1.5 times greater than the PDG estimate. At the same time, this value is in close agreement with our estimate, Γ f2→γγ (m 2 f2 ) ≈ 3.8 keV, which we obtained from the Belle data, but in another way (see below).
To describe the Belle data in the region 0.8 ≤ √ s ≤ 1.5 GeV, we use the expression for the total cross section σ(γγ → π + π − ; | cos θ| ≤ 0.6) = σ 0 + σ 2 . The cross section σ 0 has been constructed in Secs. III and IV, and the cross section σ 2 involving the Born and f 2 (1270) resonance contributions has the form [18, 19] :
where
, and R f2 is an interaction radius. Γ f2→KK (s) has the form similar to Eq. (17) . Γ f2→4π (s) as a function of s is approximated by the S wave f 2 (1270) → ρρ → 4π decay width; see, for example, Ref. [9] . The branching ratios are B(f 2 → ππ) = 0.847, B(f 2 → KK) = 0.046, and B(f 2 → 4π) = 0.107 [31] . Finally,
By definition,
f2→γγ (s) we use the following parametrization:
The second term in Eq. (18) corresponds to the four-quark transition of the f 2 (1270) into photons via the
is the Born partial, helicity amplitude γγ → π + π − with J = λ = 2. This term ensures the fulfilment of the Watson theorem requirement for the I = 0, J = λ = 2 amplitude γγ → ππ in the elastic region. It gives a rather small contribution to Γ f2→γγ (m 2 f2 ):
It is generally accepted that the f 2 (1270) → γγ decay rate is dominated by the direct quark-antiquark transition→ γγ, that is, by Γ
f2→γγ (m 2 f2 ). As we saw above, for the lightest scalar mesons, the situation is reversed. In the fit, we use as free parameters Γ f0γγ , and m f0 . The parameters R f2 and Λ f2 control the s dependencies of the f 2 (1270) partial decay widths, and consequently, they are responsible for the shape of the f 2 (1270) line. The results of the fit to the Belle data are shown in Figs. 4(a)-4(c) . Figure 4(a) demonstrates the overall picture of the most important contributions in the region 2m π ≤ √ s ≤ 1.5 GeV; here σ f2 is the cross section corresponding to the f 2 (1270) resonance contribution and the dotted curve shows for cosΘ 0.8, for cosΘ 0.7 The obtained description of the Belle data as a whole seems to be quite satisfactory, except for minor details [32] . The more important result of the fit is that the values of the direct coupling constants of the σ(600) and f 0 (980) resonances to γγ turn out to be small (see the above-mentioned corresponding decay widths). Of course, the obtained concrete values of these constants are, evidently, rather conditional (compare, for example, the above fitting variant with that presented in Sec. IV). Let us stress, however, that the very fact of the suppression of the direct σ(600) and f 0 (980) couplings to photons (corresponding widths are much less than 1 keV) can be considered to be well established. In addition, it appears from the new Belle data that Γ f2→γγ (m f2 ) is about a factor of 1.5 higher than the estimate quoted by the PDG [31] .
We now construct the γγ → π 0 π 0 reaction cross section σ(γγ → π 0 π 0 ; | cos θ| ≤ 0.8) = σ S +σ f2 , whereσ f2 is the f 2 (1270) production cross section in the π 0 π 0 channel (an analog of σ f2 for the π + π − one), and compare it with the Crystal Ball data [3, 7] . The result is shown in Fig. 4(d) . As is seen, the agreement with the data is very poor in the whole region of the f 2 (1270) resonance influence, i.e., for √ s from 0.8 to 1.6 GeV. We verified that the parametrization of the f 2 (1270) contribution used by the Belle Collaboration [16] leads to a similar resonance pattern. To improve the description of the available data on the reaction γγ → π 0 π 0 , it is necessary to raise the left wing of the f 2 (1270) resonance and to lower its right one [33] , i.e., to change the f 2 (1270) resonance shape in comparison with that established from the γγ → π + π − data. As for the above difficulty, in fact, it arose as the first detailed experiments were carried out on the reactions γγ → π 0 π 0 [3, 7] and γγ → π + π − [4, 6] . Different parametrizations of the f 2 (1270) resonance shape have been used in Refs. [3, 4, 6] . Taking the corresponding formulas and fitting parameters from Refs. [3, 4, 6] , we have made sure that in the early analyses [3, 4, 6] the appreciably different shapes of the f 2 (1270) peak in the π 0 π 0 and π + π − channels were obtained. The difference bears the above-mentioned character. However, the existing uncertainties in the Crystal Ball [3, 7] , Mark II [4] , and CELLO [6] data [see, for example, Figs. 1(d) and 1(a)] hamper any definite conclusions about their possible inconsistency or about the urgent need for searching the additional mechanisms to obtain a good simultaneous description of the π 0 π 0 and π + π − data in the f 2 (1270) region. It is clear that the Belle experiment on the reaction γγ → π + π − [2, 16] essentially aggravates the situation because its results are based on statistics which are about 3 orders of magnitude higher than those collected in the Crystal Ball experiments. So, it is clear that, in the first place, very high quality data on the reaction γγ → π 0 π 0 and their partial wave analysis would be extremely useful to obtain reliable conclusions from the simultaneous description of the π + π − and π 0 π 0 channels [34] .
After this work was completed, very high statistics Belle data on the reaction γγ → π 0 π 0 for √ s > 0.6 GeV [37] appeared, which are in close agreement with the Crystal Ball measurements [3, 7] . Probably, this implies that a damping form factor [34] in the γγ → π + π − Born amplitudes is really needed for the simultaneous description of the π + π − and π 0 π 0 production cross sections in the f 2 (1270) resonance region. Such an investigation requires considerable efforts, because the form factor influence should be taken into account in partial waves and in loop contributions. We shall present a careful analysis of the compatibility of the new γγ → π + π − and γγ → π 0 π 0 data from Belle elsewhere, together with comments on the choice of a suitable phenomenological form factor. Here we only announce some preliminary results of our analysis.
New high statistics results from Belle on the γγ → π 0 π 0 reaction cross section [37] are shown in Fig. 5 . In spite of very small statistical errors [37] , these data can be quite satisfactorily described [33] , separately from the data for the γγ → π + π − production; see, as an example, the solid curve in Fig 
f0γγ = 0.468 GeV −1 , and m f0 = 0.969 GeV. However, such a fit to the γγ → π 0 π 0 cross section is in apparent contradiction with the γγ → π + π − data, see the solid curve for σ = σ 0 + σ 2 in Fig. 5(a) . This is caused mainly by the large Born contributions to σ 2 in the γγ → π + π − channel. Recall that such contributions are absent in γγ → π 0 π 0 . Thus, the situation can be essentially improved by multiplying the γγ → π + π − Born amplitudes by some overall, damping form factor G(t, u) [34, 35] , where t and u are the usual Mandelstam variables for the reaction γγ → π + π − . For this we use here the expression proposed by Poppe [35] ,
, where x 1 is a free parameter. This ansatz is quite acceptable in the physical region of the reaction γγ → π + π − . Replacing m π + and x 1 by m K + and x 2 , respectively, we also obtain a form factor suitable for the γγ → K + K − Born amplitude. The solid curves for σ = σ 0 + σ 2 and σ S +σ f2 in Figs the production mechanisms of the σ(600) and f 0 (980) resonances and a comment on the angular distribution for the nonresonance background, given in Sec. II, remain valid.
VI. CONCLUSION
We have analyzed the new high statistics Belle data on the reaction γγ → π + π − taking into account its main dynamical mechanisms. The analysis has shown that the direct coupling constants of the σ(600) and f 0 (980) resonances to γγ are small, which is typical [9] for the four-quark nature [38] of these states. Our main conclusion is that the σ(600) → γγ and f 0 (980) → γγ decays are the four-quark transitions that are dominated mainly by the π + π − and K + K − loop mechanisms, respectively. In addition, we have presented some results of a simultaneous description of the γγ → π + π − data and the latest, very high statistics Belle data on the reaction γγ → π 0 π 0 . We have also estimated the f 2 (1270) → γγ decay width. We intend to develop the above analysis to further understand the light scalar meson physics. [28] This contribution from the σ production is negligible, and in Fig. 3(a) it is increased by a factor of 10.
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